Migratory tree bats comprise the majority of casualties at wind energy facilities across North America and some species, like Lasiurus borealis, are suspected to be in decline. We took advantage of the large numbers of L. borealis and L. cinereus salvaged during fall migration at 1 wind farm in Texas and 3 wind farms in Minnesota to evaluate the ability of current genetic methods to estimate population size and detect genetic bottlenecks in these species. Using DNA extracted from wing membrane tissue samples, we genotyped 439 L. borealis and 246 L. cinereus at 6 microsatellite loci and a 550 bp segment of the mitochondrial COI gene. Both microsatellite loci and mitochondrial haplotypes showed high levels of genetic diversity in each species. Historical estimates of N e were large for both species. Estimates of N Ef from the COI gene were almost 2 times higher for L. borealis than L. cinereus, whereas estimates utilizing microsatellite heterozygosity were higher for L. cinereus. We found a strong signal of rapid historical population growth and range expansion in L. borealis, but not in L. cinereus. The majority of our estimates of current N e had upper 95% confidence intervals that encompassed infinity. There is some indication from contemporary estimates of N e that L. borealis may have a lower current N e than historical estimates and that L. cinereus may currently have a very large N e . We found no genetic evidence of recent population declines and no evidence of population structure in either species. Genetic monitoring of migratory tree bats, specifically for the purpose of detecting population declines caused by wind turbine mortality, may be impractical due to the large effective population sizes and high levels of gene flow in these species. Future efforts should focus on developing genomic resources for these species, obtaining better estimates of mutation rates, and conducting range-wide population genetic studies in order to better estimate historical and current population sizes.
America (Shump and Shump 1982b) . Despite their large ranges and perceived abundances, there are no published estimates of total population size for either of these species. Obtaining population size estimates for these species is difficult because both species are solitary, roost in trees, and migrate long distances Shump 1982a, 1982b; Cryan 2003; Cryan and Veilleux 2007; Cryan et al. 2014) . In addition to the large numbers of bats being killed at wind facilities, mist-netting surveys and submission records for rabies testing suggest that L. borealis may be declining in some states (Carter et al. 2003; Whitaker et al. 2006; Winhold et al. 2008) . Moreover, observations of large migratory flocks of L. borealis in the late 1800s are no longer being detected, suggesting that this species may have been more abundant in the past (Mearns 1898; Howell 1908) . Conservation efforts for these species will require the development of methods to estimate population sizes and monitor potential population declines.
The use of traditional mark-recapture studies to estimate population sizes in tree bats may currently be impractical due to the very large numbers of bats that would need to be tagged annually (~ 50,000 individuals) to estimate a 10-15% annual decline (Schorr et al. 2014) . As an alternative method, genetic analyses can potentially provide insights into current and past effective population sizes and can potentially be used as a monitoring tool to detect population declines (Schwartz et al. 2006) . Previous genetic work in the genus Lasiurus focused primarily on systematics (e.g., Morales and Bickham 1995) , and population genetic data were not available. We therefore capitalized on the large number of tissue samples we obtained from bat carcasses salvaged at several wind farms to investigate population genetics in L. borealis and L. cinereus and evaluate the ability of current methods to estimate population size and detect bottlenecks using a mitochondrial DNA marker and nuclear microsatellite markers.
Materials and Methods
Sample collection.-All tissue samples used in this study were obtained from L. borealis and L. cinereus recovered during postconstruction mortality surveys at 1 wind farm in north-central Texas and 3 wind farms in southern Minnesota. ~ 25 mm 2 ) was removed from each carcass and placed into vials containing 20% dimethyl sulfoxide/6 M NaCl. The vials were then stored at room temperature until DNA extraction by ammonium acetate/isopropanol precipitation (Korstian et al. 2013 ). Bats were sexed using primers designed to amplify a portion of the zfx and zfy introns in the sex chromosomes (Korstian et al. 2013) .
Microsatellite amplification.-We amplified DNA at 6 microsatellite loci for 439 L. borealis in 3 groups (multiplex A: Cr_Lb_10, CoraF11, CotoG12; multiplex B: Pr_Lb_02, LcU, and C: LcO) and for 247 L. cinereus in 2 groups (multiplex E: LcM, CotoG12, LcO; multiplex F: LcP, LcU, LbG) using Qiagen's Multiplex Reaction Kit (QIAGEN Inc., Valencia, California) as described in Korstian et al. (2014) (see Table 1 ). The resulting polymerase chain reaction (PCR) products were diluted 20× with dH 2 O. For each sample, 0.5 µl of diluted product was loaded in 10 µl HIDI formamide with 0.1 µl LIZ-500 size standard (Applied Biosystems, Grand Island, New York). Multiplexes were electrophoresed on an ABI 3130XL Genetic Analyzer (Applied Biosystems). Alleles were sized using Genemapper v4.0 (Applied Biosystems 2006) and binned using TANDEM (Matschiner and Salzburger 2009) .
Mitochondrial sequencing.-We amplified a 550 bp section of the mitochondrial cytochrome c oxidase I gene (COI) using universal primers LCO1490 and HCO2198 (L. borealis, n = 439; L. cinereus, n = 246- Folmer et al. 1994) . PCR (10 µl) contained 10-50 ng DNA, 0.2 µM of each primer, 1× Qiagen Multiplex PCR Master Mix with HotStarTaq, Multiplex PCR buffer with 3 mM MgCl 2 pH 8.7, and dNTPs. Reactions were cycled in an ABI 2720 thermal cycler. The cycling parameters were 1 cycle at 95°C for 15 min, followed by 30 cycles of 30s at 94°C, 90s at 50°C, 90s at 70°C, then a final extension at 60°C for 30 min. Products were sequenced using ABI Big Dye Terminator Cycle Sequencing v3.1 Chemistry (Applied Biosystems) using the PCR primers. Sequences were electrophoresed on an ABI 3130XL Genetic Analyzer (Applied Biosystems). Sequences were trimmed, edited, and contiged using Sequencher v4.8 (Gene Codes 2014) then aligned in Bioedit using Clustal X v2.0 (Larkin et al. 2007) . Sequences for unique haplotypes have been deposited in GenBank, accession numbers: KF954861-KF954896, KC840133-KC840310, and KM979384-KM979400.
Genetic diversity.-We used the program GenAlEx 6.5 (Peakall and Smouse 2006) to calculate the number of alleles, observed heterozygosity (H o ), and expected heterozygosity (H E ) for each microsatellite locus for each species separately (Peakall and Smouse 2006) . We used FSTAT to calculate allelic richness using rarefaction to account for differences in sample sizes between Texas and Minnesota populations (Goudet 1995) . We tested microsatellite loci for deviation from Hardy-Weinberg equilibrium (HWE) and genotypic linkage equilibrium using GENEPOP v 4.0 (Rousset 2008) . For the mitochondrial haplotypes, we used DNASP v.5.0 (Librado and Rozas 2009 ) to calculate the frequency of haplotypes, haplotype diversity (h), and nucleotide diversity (π). Relationships among haplotypes were visualized as a statistical parsimony network using the program TCS (Clement et al. 2000) . Kimura 2-parameter genetic distances (Kimura 1980) were calculated for all sequences using MEGA 5 (Tamura et al. 2011 ). All means are reported as mean ± SE.
Genetic substructure.-Multilocus microsatellite genotypes were clustered using STRUCTURE to identify the number of genetic clusters represented in our samples (i.e., the number of genetically distinct populations- Pritchard et al. 2000) . We ran the Monte Carlo Markov Chain for 10 6 iterations following a burn-in period of 10 5 iterations for 10 replicates for K = 1-10 using the correlated allele frequencies model and assuming admixture (the default values). The K with the highest log-likelihood was considered to be the most likely number of genetic clusters in the data. For both species, we conducted an analysis of molecular variance (AMOVA) for differentiation between years, sites, and sexes in GenAlEx (Peakall and Smouse 2006) with 999 permutations.
Historical population size and expansion.-Long-term historical female effective population size (N Ef ) was estimated from mitochondrial sequences using the equation θ = 2 N e u where theta (θ) is Watterson's estimator calculated in Arlequin 3.5.1.3 (Excoffier and Lischer 2010) and u is the mutation rate per sequence per generation (Tajima 1993; Excoffier and Lischer 2010, Shenekar and Weiss 2011a) . Mutation rates at COI are not known specifically for Lasiurus and so we used a range of substitution rates calculated for cytochrome b in the family Vespertilionidae (Nabholz et al. 2008 ). We did not use the highest rate calculated (0.769247 for Pipistrellus subflavus) because it was a clear outlier and instead used the lowest and the second highest rates of 0.0122 and 0.1657 (substitutions/site/million years) which gives a µ = 1.227 × 10 −8 and 1.657 × 10 −7 per site per year, respectively and a u = 9.115 × 10 −5 and 6.751 × 10 −6 per sequence (550 bp) per year, respectively. The values calculated between years and sites were similar and so we report the averages across years and sites. Long-term N e was also calculated using the average expected heterozygosity of the microsatellite loci for the infinite allele model (IAM) and the stepwise mutation model (SMM) using the equations: SMM N e = ((1/1 − H) 2 − 1)/8µ, IAM N e = H/4µ (1 − H) (Nei 1987) . Microsatellite evolution may be more likely to follow a two-phase model (TPM) in which > 1 repeat unit may be lost or gained which is expected to fall somewhere between the 2 extremes of the IAM and SMM (Di Rienzo et al. 1994; Jarne and Lagoda 1996) . We used 2 commonly reported mutation rates for microsatellite loci: 10 −3 and 10 −5 (Ellegren 2004) . We took the average between the IAM and SMM as our estimate for each mutation rate; because years and sites were similar, we also averaged across years and sites.
High h and π can indicate large sustained population sizes, whereas high h and relatively low π can indicate recent population growth. We also conducted neutrality tests in DNASP, including Tajima's D (Tajima 1989 ) and Fu's F S (Fu 1997) and R 2 (Ramos-Onsisns and Rozas 2002), to compare the number of rare and common mutations to the null hypothesis of a stable population; an excess of low frequency mutations is predicted following rapid population growth. When D and F S were significantly different from neutral expectations, we used the mismatch distribution to estimate the time since population growth, tau (τ) as τ = 2μkt, where t is the time in generations, μ is the mutation rate per site per generation (we used the lower and upper mutation rates given above), and k is the sequence length (Rogers 1995) . We calculated tau (τ) and its 95% confidence interval (CI) in Arlequin 3.5.1.3 (Excoffier and Lischer 2010) . We assumed a generation time of 1 year for both species (Cryan et al. 2012 ) and used an online calculator (Schenekar and Weiss 2011b) to calculate time since population growth. Current population size and bottleneck testing.-We estimated contemporary effective population size (N e ) from microsatellite linkage disequilibrium using NeEstimator V2 (Do et al. 2014) . We assumed random mating and screened out alleles with frequencies below 0.02.
We used 2 methods to investigate the possibility of recent population bottlenecks with our microsatellite data (reviewed in Peery et al. 2012) . We used BOTTLENECK V 1.2.02 (Piry et al. 1999 ) to test for mode shifts from the normal L-shaped distribution expected in a population at equilibrium and to test for heterozygote excesses under the 2-phase mutational model (TPM) for each species by year using Wilcoxon tests (Cornuet and Luikart 1996) . For tests in BOTTLENECK, we conducted 1,000 iterations and used the default values for the TPM parameters: TPM variance = 30 and proportion of SMM in TPM = 70%. We also tested for bottlenecks in each year with the M-ratio method using M_P_VAL (Garza and Williamson 2001) which calculates the ratio (M) of the total number of alleles to the range of allele sizes. To determine significance of our M-ratio, we used CRITICAL_M (Garza and Williamson 2001) to calculate M c , the critical value of M in a simulated stable population of similar size below which it can be assumed that the population has experienced significant declines. To simulate M c , we used a range of possible values for θ from 0.01 to 10 (after Busch et al. 2007 ) which encompassed all estimates of θ produced by our mitochondrial sequences (see Table 2 ). For both M and M c , we used the default values for the TPM input parameters: the probability of changes greater than one step (p g = 0.2) and the size of one step changes (Δ g = 3.5 steps).
Results
Lasiurus borealis microsatellite genetic diversity.-Of the 409 L. borealis genotyped from Texas, 392 amplified at all 6 loci, 9 individuals amplified at 5 loci, and 7 individuals that failed to amplify at ≥ 4 loci were excluded from the analysis (Table 1) . Observed heterozygosity (H o ) ranged from 0.357 to 0.935 across loci and average heterozygosity was similar across years (2009 = 0.777 ± 0.089 SE, 2010 = 0.804 ± 0.089, 2011 = 0.833 ± 0.095, overall X = 0.805 ± 0.050). The number of alleles ranged from 6 to 23 (X = 16.5 ± 3.0) and allelic richness ranged from 4 to 17 (X = 11.3 ± 2.9; Table 1 ). In Minnesota, observed heterozygosity ranged from 0.269 to 1.0 (X = 0.817 ± 0.113) and the number of alleles ranged from 3 to 18 (X = 11.7 ± 2.6). Not one of the loci exhibited a heterozygote deficit, genotypic linkage disequilibrium, or deviated significantly from expectations under HWE after sequential Bonferroni corrections (P < 0.00625; Table 1 ).
Lasiurus cinereus microsatellite genetic diversity.-Of the 217 L. cinereus genotyped from Texas, 207 amplified at all 8 loci, 3 individuals amplified at 7 loci, 3 individuals amplified at 6 loci, 1 individual amplified at 5 loci, and 3 individuals that failed to amplify at ≥ 4 loci were excluded from the analysis (Table 1) Table 1 ). In Minnesota, observed heterozygosity ranged from 0.586 to 1.0 (X = 0.846 ± 0.058) and the number of alleles ranged from 4 to 32 (X = 14.8 ± 3.9; Table 1 ). Not one of the loci exhibited a heterozygote deficit, genotypic linkage disequilibrium, or deviated significantly from expectations under HWE after sequential Bonferroni corrections (P < 0.00625; Table 1 ).
Lasiurus borealis mitochondrial genetic diversity.-We identified 177 unique mitochondrial haplotypes from 409 individuals in Texas (Fig. 1) . Sequence diversity (π) averaged 0.0088 across these haplotypes. Pairwise differences between haplotypes averaged 3.9 bp. Haplotype diversity (2009 = 0.91, 2010 = 0.98, 2011 = 0.93 ; X = 0.95 ± 0.02) was high for each of the 3 years sampled in Texas. Mitochondrial diversity from 30 bats in Minnesota was similar to what we observed in Texas; sequence diversity in Minnesota was 0.00769 and haplotype diversity was 0.98. Twelve haplotypes were identified in Minnesota that did not occur in Texas. The haplotype network was star-shaped with many haplotypes radiating out of one very common haplotype in the center of the network (Fig. 1) . Most haplotypes were differentiated by only 1 to 2 bp. The most common haplotype was found in 110 individuals (frequency = 0.25) and all other haplotypes were found in fewer than 20 individuals (frequency < 0.05). Tajima's D and Fu's F S were calculated using 50 random individuals from each year in Texas (in 2011 all individuals were included, n = 30). Tajima's D was significantly negative in all 3 years (X = −2.31 ± 0.15). Fu's F was also negative in all 3 years (X = −31.2 ± 7.3). L. borealis from Minnesota also had significant negative Tajima's D and Fu's F estimates (Table 2) . Time since population expansion was 231,935 years (95% CI = 105,304-391,409 years) for the low mutation rate and 17,161 years (95% CI = 7,789-28,990 years) for the high mutation rate.
Lasiurus cinereus mitochondrial genetic diversity.-We identified 32 unique mitochondrial haplotypes from 217 individuals in Texas (Fig. 2) . Sequence diversity (π) across these haplotypes was 0.0041. Haplotype diversity (2009 = 0.78, 2010 = 0.71, 2011 = 0.86; X = 0.78 ± 0.04) was moderate for each of the 3 years sampled in Texas. Mitochondrial diversity of L. cinereus (n = 29) in Minnesota was similar to what we observed in Texas; sequence diversity was 0.0043 and haplotype diversity was 0.78. Four haplotypes were identified in Minnesota that did not occur in Texas. The most common haplotype in both states was found in 108 individuals (frequency = 0.43) with 3 additional common haplotypes (frequencies = 0.16, 0.11, 0.07). All other haplotypes were found in fewer than 10 individuals (frequency < 0.03). The haplotype network featured rare haplotypes radiating around 3 common haplotypes. Pairwise differences between haplotypes averaged 2.3 bp.
Tajima's D and Fu's F S were calculated using 50 random individuals from each year (in 2011 all individuals were included, n = 11). Tajima's D was nonsignificant in all 3 years (X = −0.17 ± 0.60). Fu's F S was also nonsignificant in all 3 years (X = −2.37 ± 1.51). L. cinereus from Minnesota also had nonsignificant negative Tajima's D and Fu's F estimates (Table 2) .
Genetic structure.-There was no evidence for genetic structure or clear groupings of individuals in L. borealis or L. cinereus using either the microsatellite loci or mitochondrial haplotypes. STRUCTURE indicated that all samples from either species likely represented a single population with the highest log-likelihood at K = 1 (1 population; Fig. 3 ). For K = 2-10 individuals, ancestry was split equally between each population also indicating a lack of genetic structure. AMOVAs showed no statistical difference between years or sexes in Texas or between Texas and Minnesota for either species using either microsatellites or mitochondrial haplotypes (F st ≤ 0.001, P > 0.19 in all cases).
N e estimates and bottleneck tests.-Long-term N Ef from COI sequence data using a high and low mutation rate was 77,859-1,051,214 bats for L. borealis and 16,723-225,781 bats for L. cinereus, indicating large historical population sizes. Long-term N e estimated from the microsatellite data using high and low mutation rates ranged from 1,610 to 161,038 bats for L. borealis and 2,203 to 220,329 bats for L. cinereus. The lower mutation rate of 10 −5 for the microsatellite loci gave values that overlapped the range of values produced by our COI sequences.
Contemporary N e estimates for L. borealis ranged from 162 to 1,546 bats and all years except 2010 had upper 95% CIs encompassing infinity (Table 3 ). In 2010, L. borealis had a N e of 310 (95% CI = 152-3,532) . In all cases, N e values for L. cinereus were negative with 95% CIs encompassing infinity (Table 3) .
The heterozygosity excess tests for bottlenecks were not significant for Texas for either species (P ≥ 0.219 for all cases) but were significant for both species in Minnesota (L. borealis, P = 0.008; L. cinereus, P = 0.016). Tests for mode shifts in allele frequencies produced the expected L-shaped distributions from stable populations in all cases. M-ratios in L. borealis ranged from 2.10 to 2.15 (X = 2.13 ± 0.01). All were well above the M c critical values which ranged from 0.70 to 0.81. M-ratios for L. cinereus ranged from 2.31 to 2.55 (X = 2.44 ± 0.07). All were well above the M c critical values which ranged from 0.65 to 0.81 (X = 0.69 ± 0.2). We excluded 2011 L. cinereus from the current N e and bottleneck analyses because of the small sample size (n = 11).
Error determination.-We re-amplified and genotyped 43 L. borealis and 48 L. cinereus at the 6 microsatellite loci. The overall error rate for the microsatellite loci averaged 0.33% and ranged from 0 to 1% (Table 1) . We re-sequenced the mitochondrial COI gene for 16 individuals. All of the mitochondrial haplotypes (n = 16 haplotypes) were identical to the original sequences suggesting the error rate was close to 0.
Discussion
Lasiurus borealis population genetics.-The high genetic diversity, at both mitochondrial and microsatellite loci, exhibited by L. borealis at our sites is consistent with a large, wellconnected population. Haplotype diversity, in particular, was extremely high in all 3 years and at both sites. The haplotype network exhibited a star shape comprised of one common haplotype that is assumed to be the ancestral haplotype, plus many unique or rare haplotypes connected to the most common haplotype by short branches (Fig. 1) . Species with "starshaped" haplotype networks typically show shallow levels of genetic differentiation due to high levels of gene flow, usually as a result of high dispersal coupled with a lack of long-term biogeographic barriers (Avise 2000 ).
Fu's F S and Tajima's D were both significantly negative and R 2 was small, indicating recent population expansion (Harpending et al. 1993; Von Haeseler et al. 1996; Peck and Congdon 2004) . Depending on the mutation rate, time of expansion ranged from 17,161 to 231,935 years ago. The lower estimate would put the population expansion at the end of last ice age (Hewitt 2000) and is similar to the date of expansion for Myotis lucifugus in North America (Dixon 2011) . The upper estimate would place the population expansion before the last ice age. Fossil specimens of L. borealis found in Florida, Missouri, Virginia, and West Virginia have been dated to the late Pleistocene (Shump and Shump 1982a) , indicating that there were bats present in the southern portion of North America during that period. Assuming the lower estimate is correct, then the southeastern part of the United States may have functioned as a refugium from which population expansion took place after the last ice age, as has been suggested for M. lucifugus and other taxa (Russell et al. 2009; Dixon 2011) .
Lasiurus cinereus population genetics.-Similar to L. borealis, we found evidence of a large, well-connected population in L. cinereus. Heterozygosity in L. cinereus was high and similar to that observed in L. borealis. Our L. cinereus analysis included 3 microsatellite loci (LcO, CotoG12, and LcU) that we also examined in L. borealis. These common markers showed high levels of heterozygosity in both species, consistent with the species-specific analyses including all loci together. Haplotype diversity in L. cinereus was lower than what we observed in L. borealis. The haplotype network for L. cinereus had 3 common haplotypes with the rarer haplotypes radiating out from those (Fig. 2) . The diversity differences found between microsatellites and mitochondrial markers for this species relative to L. borealis may be indicative of a decline in female lineages at some point in the past. This difference in diversity might arise if there were high levels of male dispersal and female philopatry to the same maternity roost areas to raise young. If female lineages declined due to habitat loss, for instance, there would not necessarily be a decline in microsatellite heterozygosity because of high male-mediated gene flow (Kolleck et al. 2013 ). Range-wide genetic studies will need to be conducted during the summer maternity season to determine if mtDNA provides a stronger signal of population differentiation than microsatellite loci, which would indicate that females may be more philopatric than males. Unlike L. borealis, we did not detect a strong Microsatellite heterozygosity on the other hand was slightly higher in L. cinereus; therefore, our long-term N e estimates based on heterozygosity produced values approximately 1.4 times higher than for L. borealis. The difference in between-species diversity at mitochondrial and nuclear microsatellite loci may be reflective of differences in female and male population structure between the species and possibly sex-biased historical declines, as discussed earlier.
The difference between the markers may be due in part to the uncertainty surrounding mutation rates (which are generally unknown for most species), although the lower mutation rate for the microsatellite loci (10 −5 ) resulted in an estimate of N e that overlapped the range of N e values calculated from the COI marker.
Our contemporary N e estimates were generated from bat carcasses collected in a single year, which undoubtedly contained multiple generations and cohorts of individuals, and therefore may be more reflective of the effective number of breeders (N b ) which produced the sampled cohorts (Waples and Do 2010) . Contemporary N e estimates, with the exception of the 2010 L. borealis, all had 95% CI limits that included infinity, suggesting that the point estimates may be unreliable and caution should be used when interpreting these estimates. The lower 95% CIs for L. borealis and the 2010 estimate suggest that contemporary population sizes are smaller than historical sizes, which is concordant with anecdotal accounts of this species' decline. All point estimates for L. cinereus were negative indicating that the genetic results can be explained entirely by sampling error rather than drift. This usually occurs when N e is very large and so this may indicate that L. cinereus has a larger contemporary N e than L. borealis which is consistent with the larger historical estimates of population size based on the microsatellite loci.
Estimating N e in large populations (i.e., N e > 1,000) is challenging, especially with the small number of markers employed in this study (Waples and Do 2010) . This arises because linkage disequilibrium due to drift is low in large populations and difficult to detect. Large numbers of markers (i.e., thousands) are expected to overcome this difficulty, allowing the upper bounds of N e to be estimated (Waples and Do 2010) . The increasing availability of genomic tools for nonmodel species should make this goal possible to reach in the near future (Allendorf et al. 2010) . The lower bounds of these estimates, however, are finite and are expected to be useful as indicators of changes in population size (Waples and Do 2010 ).
Estimates of effective population size are also sensitive to the amount of immigration into populations (Palstra and Ruzzante 2008; Waples and Do 2010) . Continuous high immigration between populations may cause estimates of N e to reflect the metapopulation N e rather than the local N e . Since the bats salvaged from the north Texas wind farm are presumed to be a mixture of migrant and resident bats, we suggest that this scenario is likely for both L. borealis and L. cinereus (Cryan 2003; Ammerman et al. 2012 ). The migrant bats at this site may come from a regional area (e.g., central North America) or from a larger area including eastern North America. Stable isotope signatures in hair may be useful in the future to determine if bats are migrants or permanent residents in this region (e.g., Fraser et al. 2012; Cryan et al. 2014; Lehnert et al. 2014) . Given these considerations, the effective population sizes we calculated are probably more applicable to the central region of the United States rather than simply to northern Texas. Our analyses also suggest that gene flow among populations in this region is high. The STRUCTURE analysis, which was based only on the microsatellite data, revealed no evidence of genetic structure in either species. Similarly, not one of our post-hoc groupings (by year or by sex or by state) revealed genetic differentiation at either microsatellite or mitochondrial loci. Low population structure has been documented in other long-distance migratory bat species (reviewed in Moussy et al. 2013) . Given the migratory nature of both species, the high levels of genetic diversity, and absence of population structure, these species may be nearly panmictic across their range. A larger sample of bats obtained from sites throughout the species' ranges, preferably during the summer maternity season, will be necessary to determine if population structure exists, if males and females may differ in population structure, and if there are larger regional differences such as whether the central United States is distinct from the eastern region of North America.
We did not find strong genetic evidence of the recent population declines that have been suggested for either species using currently available genetic bottleneck tests (Carter et al. 2003; Whitaker et al. 2006; Winhold et al. 2008) . The M-ratio and mode-shift tests for both species were consistent with a stable population size, while the heterozygote excess test gave evidence of population bottlenecks for both species in our Minnesota samples, but not in Texas. Typical measures of genetic diversity, such as mean heterozygosity and allelic richness, may have low power to detect population declines for species with such large effective population sizes and high population connectivity over typical management timeframes (e.g., Busch et al. 2007; Peery et al. 2012) . Bottleneck testing can fail to detect very large known population declines (10-to 100-fold decreases) which can be masked by a number of factors including immigration, prebottleneck diversity, and bottleneck length (Busch et al. 2007; Peery et al. 2012) .
Genetic monitoring of migratory tree bats, specifically for the purpose of detecting population declines caused by wind turbine mortality, will be challenging due to: 1) the large historical and current effective population sizes of tree bats and 2) high gene flow between local populations. Future efforts should focus on the development of genomic resources in which thousands of loci can simultaneously be screened in many individuals (e.g., single nucleotide polymorphism chips) in these species. Furthermore, range-wide population genetic studies are needed to determine the scale of connectivity between populations and regions.
